GABA neurotransmission requires a specialized set of proteins to synthesize, transport or respond to GABA. This article reviews results from a genetic strategy in the nematode Caenorhabditis elegans designed to identify the genes responsible for these activities. These studies identified mutations in genes encoding five different proteins: the biosynthetic enzyme for GABA, the vesicular GABA transporter, a transcription factor that determines GABA neuron identity, a classic inhibitory GABA receptor and a novel excitatory GABA receptor. This review discusses the strategy employed to identify these genes as well as the conclusions about GABA transmission derived from study of the mutant phenotypes.
Activity in the vertebrate brain depends on a yin and yang balance between excitatory and inhibitory neurotransmission. A deficit of excitatory neurotransmission will lead to unconsciousness; a deficit of inhibitory neurotransmission will lead to epileptic seizures. The most abundant inhibitory neurotransmitter in the brain is GABA. Normal GABA function requires specialized proteins such as biosynthetic enzymes, transporters and receptors. Defects in these proteins can lead to a specific imbalance of GABA neurotransmission and lead to diseases. For example, mutations in the a1 and g2 GABA receptor subunits can cause familial forms of epilepsy [1 -3] .
Over ten years ago, a strategy was devised to identify the proteins specialized for GABA function using a genetic approach in the nematode Caenorhabditis elegans [4, 5] . These studies have lead to some important discoveries. Specifically, the vesicular GABA transporter (VGAT) was first discovered in C. elegans and this sequence was used to identify the mammalian homolog [6] . The homeodomain protein UNC-30 identified a class of transcription factors required for multiple aspects of GABA neuron identity [7, 8] . These studies also revealed the first cation-selective GABA receptor [9] . This review will discuss first the strategy used to identify proteins required for GABA neurotransmission in C. elegans and then the impact that their discovery has had on our understanding of GABA function.
Strategy
To define the proteins required for GABA function, McIntire and colleagues looked for mutations in the nematode C. elegans that specifically disrupted GABAmediated behaviors [4, 5] . To identify the GABA-containing cells in C. elegans, animals were stained using antibodies against the neurotransmitter. Antibody staining revealed that 26 of the 302 neurons present in C. elegans express the neurotransmitter GABA (Figure 1a ). These 26 GABApositive neurons comprise six DD neurons, 13 VD neurons, four RME neurons, an RIS neuron, an AVL neuron and a DVB neuron (Figure 1b ). These neurons fall into different classes based on their synaptic outputs: the D-type neurons -that is, the DD and VD motor neuronsinnervate the dorsal and ventral body muscles, respectively; the RME motor neurons innervate the head muscles; the AVL and DVB motor neurons innervate the enteric muscles; and RIS is an interneuron [10] . There are two surprises here. First, GABA is primarily acting at neuromuscular junctions; in vertebrates, GABA acts in the CNS. Second, GABA neurons comprise , 10% of the nervous system; in vertebrates, 30 -40% of synapses in the brain are GABAergic [11] . The explanation for these two observations is that glutamate can act as an inhibitory neurotransmitter in the nematode. In contrast to GABA, which primarily acts at neuromuscular junctions, glutamate activates Cl 2 channels at both neuronal synapses and neuromuscular junctions in the nematode [12] . Thus, fast inhibitory neurotransmission is divided between GABA and glutamate in the nematode. In vertebrates, fast inhibitory neurotransmission is divided between GABA and glycine. Interestingly, the glycine-gated and 
